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Abstract: Here we provide a preliminary assessment of dietary and habitat requirements of two sympatric primate 
taxa,a “simple-stomached” and “complex-stomached” species (Rhinopithecus bieti Colobinae vs. Macaca mulatta 
Cercopithecinae), as a basis for illuminating how the two coexist. Of ca. 22 plant food species consumed by the macaques, 
at least 16 were also eaten by the snub-nosed monkeys. Both species showed a preference for fruits. While the snub-nosed 
monkeys did not utilize any resources associated with human communities, rhesus macaques did occasionally raid 
agricultural crops. The mean elevation of the snub-nosed monkey group was 3,218 m, while the mean elevation of the 
macaque group was 2,995 m. Macaques were also spotted on meadows whereas snub-nosed monkeys evidently avoided 
these. For both species, mixed deciduous broadleaf/conifer forest was the most frequently used ecotype, but whereas 
evergreen broadleaf forest (Cyclobalanopsis community) accounted for only 3% of the location records of the snub-nosed 
monkeys, it accounted for 36% of the location records of the macaques. Groups of the two species usually kept a 
considerable spatial distance from one another (mean 2.4 km). One close encounter and confrontation between groups of 
the two species resulted in the macaque group moving away. Our findings suggest that the coexistence of the two taxa is 
facilitated via differential macrohabitat use and spatial avoidance. Although divergent habitat-use strategies may reflect 
interspecific competition, they may also merely reflect different physiological or ecological requirements. 
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HE: JAMIL, BUA 22 (Rhinopithecus bieti) MARE MWR (Macaca mulatta) ETT DAME SEA, 
PY FP RAR IEE EM (i PT A Ba eA) eo PSC HLL ANT ED PE AES BR 
HA PSST SE FEET REPRE. ZEBRA 22 PE, A 16 PES eR TR. PY PP RRS AE AN HH 
RRK. AAT AS ACNE a 22 IR EA EEE UL, ABER RER. KG LARK AAR: 
MEIR ETP BA 3218 m WARR, TR EP IEA 2 995 m HPR BIR EH, 
MARIRE IK FP SG HL. HPP SAE, EA ESTAR DRE UTR a Se a AE RAR, YE Sie 22 JR IR DE A, 
ARTAR CG KURA, PHR 3%), MARR EA RKA SL Se EU ae 22 HR 36%). PMR 
FEAST] is HAL ZG FA}(2.4 km). SHANE, ERESSE. LER GR AN A ARAIA EA KE Ba A 
JAI TEE RIE FEY. JS EAR TY AE Se AF SW EEE ES AT SE ETE, (AS E BEY AE Bc 
EMA TAY AE B/E AS FO 
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Ecological niche theory posits that co-occurring species should evolve adaptations for avoiding or 
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reducing interspecific resource competition (Hutchinson, 
1959). A plethora studies have come to the conclusion 
that niche partitioning in sympatric species is mostly 
manifested in differential habitat use or differential diet 
selection (Ben-David et al, 1995; Churchfield & Sheftel, 
1994; Gautier-Hion, 1978; MacKinnon & MacKinnon, 
1980; Namgail et al, 2004; Porter, 2001; Rodman, 1991; 
Sachot et al, 2003; Tan, 1999; Wei et al, 2000). 
Simple-stomached primates (cercopithecine 
monkeys) and complex-stomached primates (colobine 
monkeys) occur sympatrically in many regions of 
Subsaharan Africa and South/Southeast Asia. Differing 
food requirements and digestive strategies between them 
have been assumed to lead to little competition over food 
1994; Oates, 1994). 


Nevertheless, partly overlapping dietary spectra create a 


sources (Bennett & Davies, 


potential for food competition between colobines and 
cercopithecines (e.g. Davies, 1991; MacKinnon & 
MacKinnon, 1980; Yeager, 1996). 

In this article, we address the question of how 
sympatric rhesus macaques (Macaca mulatta vestita) and 
Yunnan snub-nosed monkeys (Rhinopithecus bieti) in the 
Baimaxueshan Nature Reserve manage to coexist. Both 
species are medium-sized to large and are semiterrestrial 
or semiarboreal foragers, i.e. both can get access to 
resources on the ground and in the tree layer. 

Rhesus macaques are among the most widely 
distributed primate species, and their occurrence in 
diverse types of environments — from mangrove 
swamps to high-altitude pine-oak-spruce forests (e.g. 
Teas, 1978; Teas et al, 1980) — makes them prone to be 
called ecological generalists. The subspecies vestita is 
distributed in southeast Tibet and northwest Yunnan 
(Brandon-Jones et al, 2004). Rhesus macaques exhibit a 
preference for grasses and clover in the deciduous forests 
of the Himalayan foothills (Goldstein & Richard, 1989), 
but are largely frugivorous in other habitats (Lindburg, 
1971). In many parts of their range, rhesus macaques 
and venture into urban 


have become “Kulturfolger” 


environments (e.g. parkland adjacent to temple 


complexes) where they may live close to and 


commensally with humans and rely heavily on 
agricultural crops and food from people, garbage, grains 
and other hand-outs (Fooden, 2000; Goldstein & Richard, 
1989; Richard et al, 1989; Southwick & Siddiqi, 1977). 
Compared to rhesus macaques, the dietary and 
habitat requirements of the snub-nosed monkeys are 
narrower. This colobine has often been seen as a 


specialist, relying on tree lichens and dwelling in alpine 


fir forests (Kirkpatrick, 1996; Li et al, 1982). However, 
recent research has demonstrated greater ecological 
flexibility with regard to vegetation association and diet 
choice: they also occur in mixed deciduous 
broadleaf/conifer forests and forage on seasonally 
varying plant parts of angiosperm plants (Ding & Zhao, 
2004; Grueter et al, 2009a,b; Li et al, 2008). 

To elucidate how macaques and snub-nosed 
and what the nature of their 


interspecific relations is, we compared macrohabitat use 


monkeys coexist 
and diet of the two species based on a 2-year field study. 
Due to the fact that the study focused on Rhinopithecus 
bieti, the data on Rhinopithecus are more detailed and 
comprehensive while the data on Macaca are more 
cursory and preliminary. 


1 Materials and Methods 


1.1 Study region 

We collected data across a 23-month period in 2005, 
2006 and 2007 in the southern zone of the Baimaxueshan 
National Nature Reserve (27°34'N, 99°17'E), northwest 
Yunnan, PRC. The research area (ca 40 km’) ranges in 
altitude from 2,500 to 4,000 m and comprises a mixture 
of forest types interspersed with grassy alpine meadows. 
Topography consists of rugged mountains dissected by 
steep valleys. Annual rainfall averaged 1,004 mm over a 
2-year period, with about 80% of this recorded from 
April to September. Snowfalls occurred in late winter. 
Monthly mean temperatures ranged from 6.6°C in 
January 2007 to 21.5°C in July 2006. Livestock grazing 
inside the forest and on meadows as well as extractive 
exploitation of herbal medicine, mushrooms and wood 
by local residents was widespread during the time of the 
study. 

Six major vegetation communities, characterized by 
different species of dominant trees, were identified (Li et 
al, 2008): i) warm-temperate pine forest [main canopy 
species: Pinus yunnanensis (Pinaceae)] between 2,500 
and 3,100 m; ii) mesophytic evergreen broad-leaved 
forest [main species: Cyclobalanopsis spp. (Fagaceae)]| 
between 2,500 and 3,000 m; iii) montane sclerophyllous 
oak forest [main species: Quercus pannosa (Fagaceae)]| 
between 3,200 and 3,500 m; iv) mixed deciduous 
broad-leaved/conifer forest [main species: Acanthopanax 
evodiaefolius (Araliaceae), Sorbus spp. (Rosaceae), Acer 
spp. (Aceraceae), Betula utilis (Betulaceae), Picea 
likiangensis, Tsuga dumosa (Pinaceae)] between 2,900 
and 3,600 m; v) cool temperate fir forest between 3,500 
and 4,000 m [main species: Abies georgei (Pinaceae)]. 
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Bamboo [Fargesia spp. (Gramineae)] and rhododendrons 
[Rhododendron spp. (Ericaceae)] are found in the 
undergrowth of all vegetation types. 

Two primate species inhabit the study site, Macaca 
mulatta and Rhinopithecus bieti. The focal snub-nosed 
monkey (SNM) group (Gehuaqing group) was composed 
of ca 410 members. The group has become partially 
habituated after years of continued surveillance by 
reserve staff. Whereas only 1 group of SNM roamed the 
forest inside our study area, there were 3 groups of 
macaques, one in the central part of the study area and 
two in more peripheral areas. 

1.2 Field work 

The SNM were the primary focus of this research 
project and the study group was tracked whenever 
conditions were favorable. We established contact with 
the semi-habituated group (n=ca. 410) on an average of 
12 d per month. Every 30 min, we recorded the location 
and elevation of the group with a GPS receiver with an 
integrated barometrical altimeter as long as the group 
was within aural or visual reach. Forest type was 
recorded upon inspection of the main tree taxa. The 
feeding behaviour of the SNM was systematically 
sampled by means of group scans; additional data on the 
dietary spectrum was obtained via ad libitum 
observations and by collecting partially consumed and 
discarded plant material in the group’s foraging path (for 
details see Grueter et al, 2009a,b). 

The macaques were often aurally located, and 
indirect signs of their presence such as scat, foot/hand- 
prints etc. were encountered occasionally. The fact that 
the macaques were not habituated to people resulted in a 
limited direct contact time, totaling ca. 3 h. The 
macaques’ alertness ruled out any detailed observations 
and allowed only very few direct feeding observations. 
Most data on food choice of macaques were based on 
indirect evidence, i.e. came from examination of food 
leftovers. Macaque faeces were cursorily inspected for 
seeds. 

Macaque sightings usually happened accidentally 
when we were trailing the SNM. Days on which we 
located the SNM group and found fresh evidence of 
macaque whereabouts offered us an opportunity to 
estimate the distance between the two groups. 
Calculating the straight-line distance between the two 
groups on topographic maps would not take into 
consideration the hilly terrain would result in imprecise 
therefore estimated the 


distance estimates. We 


approximate walking distance rounded to the nearest 100 


Vol. 31 


As a means of sampling the vegetation, we 
established a total of 67 plots of 20m X 20 m at 200-m 
altitude intervals; the placement of plots within the 
available habitat types was based on the relative 
contribution of different habitat types within the study 
area. We recorded the following variables for all trees 
with circumference >40 cm in the plots: tree height, 
crown diameter, bole height and girth. Crown diameter 
was paced off directly beneath the tree. For more details 
on the vegetation survey and calculation of structural 
properties of tress, see Li et al (2008). The data on use of 
altitudes were taken from (Li et al, 2008). 

We performed non-parametric statistical tests and 
considered a P value <0.05 to be significant. 


2 Results 


We obtained 981 visual records of the SNM group’s 
location. For the macaques, we obtained 23 visual and 5 
aural location records and found fresh scat on 18 
occasions. Of these 46 records for the macaques, 3 
records were from the Geluo group, 2 from the Lamasi 
group and the remainder from the Gehuaqing group. 

Preferences for particular habitats are presented in 
Fig. 1. For both species, mixed deciduous broad-leaved/ 
conifer forest was the most frequently used ecotype, but 
the two species differed in their preference for 
subtropical evergreen broad-leaved forest. While this 
latter habitat made up only 3% of the SNM location 
records, it accounted for 36% of the macaques’ location 
records. Macaques were thus relatively much more 
associated with evergreen broad-leaved forest than SNM. 
Macaques were never encountered in fir forest and 
sclerophyllous oak forest and only once in pine forest. 
Macaques were once spotted on a meadow whereas 
SNM evidently avoided all open treeless areas unless 
they had to cross a gap in the canopy terrestrially. 

The mean elevation used by the SNM group was 
3,218 m (SD=188 m, range 2,625-3,793 m, n=981), the 
mean elevation of the macaques was 2,995 m (SD=215 
m, range 2,600-3,600 m, n=46). The mean elevation 
used is significantly different between the two species 
(Mann-Whitney U, P<0.001, Z=—-6.717, ny = 981, 
n:=46). 

When comparing architectural features of trees 
inside the main habitat of SNM (mixed deciduous 
broad-leaved/conifer forest) and macaques (evergreen 
broad-leaved forest), there were significant differences in 
tree height (Mann Whitney U, P<0.001, Z=—4.024, 
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n\=969, n2=249), crown volume (Z=—8.004, P< 0.001), 
and DBH (P=0.009, Z=—2.601) (Tab. 1). For all these 
variables, values were larger in evergreen forest. 


Sclerophyllous Pine forest 
oak forest 2% 
0% 





0% 
Open areas 
9% 


Fir forest 


The two primate species largely overlapped in their 
dietary spectrum. Of ca 22 species eaten by the 
macaques, at least 14 were also consumed by the SNM 






Sclerophyllous Pine forest Evergreen 
oak forest 10% broadleaf 
3% forest 3% 


Fir forest 2% 


Open areas 
0% 


Fig. 1 Observed number of location records per vegetation type for macaques (a; n=46) and SNM (b; n=1,206) 


Tab. 1 Variables of measured trees in mixed deciduous broad-leaved/conifer forest vs. evergreen 
broad-leaved forest at Samage, Baimaxueshan Nature Reserve 


Variables Mixed deciduous broad-leaved/conifer forest Evergreen broad-leaved forest 
Diameter at breast height 
as accra i 29.3 (19.5) 34.9 (25.5) 
(cm) 
Tree height (m) 15.3 (6.6) 17.7 (7.4) 
Crown volume (m°) 99.7 (151.8) 242.0 (406.0) 


Means (+ standard deviation) are given. 


(Tab. 2). A complete list of plant foods of the SNM is 
provided elsewhere (Grueter et al, 2009b). Both species 
appeared to incorporate animal matter into their diet. 
Amount and frequency of insect feeding, though, has not 
been evaluated. Whereas the SNM seemed to search for 
insects beneath the bark of trees, macaques were 
observed looking for unspecified animal matter in a 
small pond. 

The two species usually kept a considerable 
distance. On March 14th 2007, however, the 2 species 
were <400 m away; at that time, the SNM band had split 
into 2 subgroups of which the smaller subgroup was the 
one that was close to the macaque group. On 24 d, we 
obtained location records for both macaques and SNM: 
the mean distance was 2.35 km (SD=2.50 km, range 
0.15-10.0 km). Only once were we able to witness a 
direct encounter between the macaques and the SNM. 
When the 2 species were at a distance of ca 150 m, the 
macaques started uttering harsh calls, stayed highly alert 


and frequently sought exposed spots to monitor the SNM. 


The SNM group, however, remained rather indifferent. 
After several minutes of nervous vocalizing and being 
vigilant, the macaques retreated by moving downhill. 
The SNM group clearly outnumbered the macaque 


group. 
3 Discussion 


All the food items recorded for the rhesus macaques 
at Samage were ingested by the SNM as well (Grueter et 
al, 2009b), implying that diet choice does not distinguish 
specific niches. However, a thorough quantitative 
assessment of contribution of particular plant items to 
diet of rhesus monkeys is yet to be done to conclude 
whether interspecific food competition with SNM is of 
significance. This study was not aimed at obtaining an 
exhaustive list of food items consumed by the macaques, 
e.g. plant fiber residues were not extracted from feces. 

SNM rely heavily on lichens throughout the year, 
and lichens form the majority of the diet in winter (Grue- 
ter et al, 2009a; Kirkpatrick, 1996; Xiang et al, 2007). 
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Tab. 2 Plant food species and items consumed by rhesus macaques and SNM at Samage 





Species Item Macaca mulatta Rhinopithecus bieti 
Lauraceae 
Machilus microcarpa Seed ~ v 
Machilus yunnanensis sie ‘ y 
Fruit v ? 
Rosaceae 
Sorbus epidendron Fruit v v 
Sorbus thibetica Fruit v v 
Sorbus sp. Fruit Ni v 
Young leaf Ni ? 
Unknown shrub j 
Fruit v ? 
Padus obtusata Fruit v v 
Malus cf. yunnanensis Fruit Ni v 
Araliaceae 
Acanthopanax evodiaefolius Fruit v v 
Schefflera sp. Fruit Vv 
Actinidia pilosula Fruit Vv ~ 
Juglandaceae 
Pterocarya delavayi Young leaf v v 
Fagaceae 
Cyclobalanopsis cf. gambleana Seed Vv v 
Liliaceae 
Tupistra aurantiaca Fruit Ni 2 
Poaceae 
, Leaf Vv v 
Fargesia sp(p). ore J J 
Orobanchaceae 
Boschniakia himalaica Tuber v v 
Balanophoraceae 
Balanophora involucrata Tuber v v 
Ericaceae 
Rhododendron lukiangense Flower" v = 
UNK 
Unknown tuber of ground plant v = 
Rhamnaceae 
Berchemia yunnanensis Fruit v ? 
Saxifragaceae 
Rodgersia aesculifolia on i : 
Leaf ? 


* Item was manipulated (taken), but ingestion was not directly observed. 


Ecological niche theory posits that interspecific feeding 
competition is likely to be highest during periods of food 
1996). This dependence on lichens most clearly 
distinguishes SNM from macaques and may permit 
coexistence during periods of overall food shortage, ie. 
the harsh winter period. However, it would be tempting 
to speculate that lichen consumption has evolved as a 
competition reducing strategy. Lichenivory has evolved 
as a response to the dearth of other fallback foods such as 
palatable mature leaves (Grueter et al, 2009a). Barbary 
macaques (Macaca sylvanus) do eat lichens in varying 
amounts (Ménard, 1985), and we would thus expect the 


scarcity and that dietary divergence will be most 
pronounced during this period (Schoener, 1974; Ungar, 
congeneric rhesus macaques to be anatomically and 
physiologically capable of digesting lichens as well. 
However, we have no indication that rhesus macaques at 
Samage feed on lichens, and how they cope with fruit 
scarcity in winter remains to be investigated. Other 
temperate macaques survive on buds, bark and mature 
leaves in winter [for a review see (Grueter et al, 2009a)]. 
Teas (1978) noted that the rhesus groups inhabiting 
mixed alpine forests in Nepal raided crops, and she 
surmised that the animals’ ability to survive at this high 
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altitude was, at least in part, a result of the crop 
availability. Crop-raiding (corn, cabbage, potatoes, 
radishes) is also done by macaques at Samage and may 
not only help them to sustain through lean phases, but 
also makes them less dependent on resources utilized by 
the SNM. The SNM have never been witnessed to enter 
agricultural fields. 

The taxonomic and physiognomic heterogeneity of 
the forest may promote coexistence (Hampton, 2004). 
Our preliminary findings show that coexistence is 
facilitated via differential habitat use in the forest mosaic 
present at Samage and spatial avoidance. Whereas SNM 
are primarily attached to mixed forest and rarely moved 
to evergreen forest, rhesus macaques were frequently 
spotted in the latter and did seem to have a preference 
evergreen oak forest at low altitudes. Moreover, 
macaques occasionally ventured into open areas such as 
river beds, edges of meadows and even centers of 
meadows. SNM, however, stayed away from clearings 
unless gaps in the canopy and lack of suitable arboreal 
routes forced them to enter clearings. (Goldstein & 
Richard, 1989) found that even in a forested habitat, 
in Northwest Pakistan 


disproportionately large amount of time in clearings and 


rhesus macaques spent a 
meadows. Whether there is competition for sleeping trees 
has not been assessed in this study. Previous work, 
however, has shown that some of the preferred trees for 
sleeping (firs, hemlocks, oaks) are among the commonest 
at the site (Li et al, 2007). 

Resource partitioning is not necessarily an evolutio- 
nary mechanism to reduce interspecfic competition 
(Dueser & Shugart, 1978), but may also reflect divergent 
species-specific physiological, ecological and nutritional 
requirements and constraints (Maitz & Dickman, 2001; 
Walter, 1991), e.g. the fact that lichens are scarce in 
evergreen broad-leaved forest may partly account for the 
divergent macrohabitat utilization patterns. Furthermore, 
the supposedly thicker fur of the SNM may allow them 
to stay at higher elevations where they are exposed to 
colder temperatures. 

In the observed direct encounter between the two 
species, the group size difference alone may have been 
responsible for the dominance of the SNM. The SNM 
group numbered about 410 while the size of the 
Gehuaqing macaque group was unclear: the highest 
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